POSXTIONING SYSTEM JUID 
EXPOSURE APPARATUS HAVING THE SAME 



FlBIiD OF THE INVBWTIOy AND REIATED ART 

Tlii.9 ±nvent:±on relaiies to sl posxl^xonxng 
sys-bem suxt^eJbly usabXe ixi lixgli pzrecxsxon 
psrooeseing* such &fi senL±c3onduc'tb2r l±'kliog'rapli2f , fo*' 
example, and an exposure apparat^ua havxng such a 
positioning system. Zn another aspect, the 
invention concerns a device manu£acturing method 
using such expos:ure apparatus . 

TypicaX exposure appj&ratuses for 
manufacture of semiconductor devices include a 
step-and-repeat type exposure apparatus (called a 
''stepper'') in which a pattern of an original 
(reticle or maslc} is se<^entially transferred to 
plural exposure regions on a substrate (wafer or 
glass substrate) through a projection optical 
system while the substrate is moved stepwise, and 
a step-and-scan type exposure apparatus (called a 
''scanner'') in which, by repeating stepwise motion 
and scan exposure, es^osure and transfer are 
carried out repeatedly to plural regions on a 
substrate , 

Particularly, the step-and-scan type 
apparatuses use only a portion relatively close to 
the optical axis of a projection optical system 



wxt:k the res 1rrxe1^i.on by a slit, and therefore it 
enables bxgher precxsion and wxdec pioture angle 
e^osure of a fxne pattern. Sncli exposure 
apparatuses generally comprise a positioning stage 
system (wafex stage or reticle stage) for moving a 
wafer or reticle at a high speed and then 
positioning tlie same, as disclosed in Japanese 
^a^**-Op®» Patent Application Ho. €2-88526, for 
example , 

SUMMARY OF THE INVENTION 

^Japanese Laid-Open Patent Application 
No. 62-88526 discloses a striaeture that tKe driving 
position of an x-Y movable guide and the gravity 
center position of a stage are at the same level 
thereby to prevent yawing and pitching of the 
stage. Howevexr, in such stage system, there is no 
reaction fox-ce absorbing mechanism for absorbing a 
propulsion reaction force to be produced by motion 
of a movable portion. Therefore, when the stage 
is driven, a reaction force of inertia is produced 
as a result of acceleration or deceleration. if 
it is transmitted to a base table, it causes 
swinging motion oar vibration of the base table* 
Hence, the natural vibration of the mechanism 
system of the exposure apparatus may be exited by 
swinging motion or vibration of the base table to 



genera be bxg-h fze^enoy vdLl>rat±on. Tiixs ±9 a 
faobor t^at: obs-bmolis li±gh-spee<i mot:i.on and high- 
precision positioning. 

It is aocordlngly an object of the 
present Invention to provide a positioning system 
by whlcli vlbxratlon or swinging motion resulting 
from stage motion can be reduced such that high- 
speed and high-precision positioning can be 
accomplished. AJ.so, it is an object of the 
present Invention to provide an exposure apparatus , 
for example, in which such a positioning system is 
incorporated. Particularly, it is an object of 
the present invention to reduce vibration or 
swinging motion of a base table to be produced by 
a moment reaction force, resulting from motion of 
a stage . 

Xn accordance with an aspect of the 
P^«s®»*^ invention, to achieve at least one of the 
objects described above, there is provided a 
positioning system, comprising: a movable portion 
supported for movement along a reference plane; a 
reaction force absorbing mechanism for absorbing a 
propulsion reaction force to be produced by motion 
of said movable portion; and a motor movable 
element for propelling said movable portion along 
the reference plane, wherein a first distance, 
between the reference plane and a gravity center 



posi.'b±on of saLid moveable pof t;xon and a second 
distance Be-bwean the arefesrenoe pXane and a giravity 
oen-ter posxtixon of said reacl^i-on force absorbxng^ 
meelianlsm are made substantially ec^al to eacli 
other and/or tlie second distance and a thxrd 
distance between the reference plane and saxd 
motor movable element are made substantially ec^tial 
to each other . 

In one preferred form of thxs aspect of 
the ^x&s&nii xnventxon, saxd reaction force 
absorbing- mechanism comprises a stator of a motor 
for driving said movable portion . 

The reaction force absorbings mechanism 
>*^y adapted to move the reference plane . 

In accordance with another aspect of 
the ^^^sGzi-t invention, there is provided a 
positioning system, comprising: a movable portion 
supported for movement in two axial directions 
being^ substantially orthogonal to each other along 
a reference plane; an x movable member including 
said movable portion; a Y movable member including 
said movable portion; a first reaction force 
absorbing mechanism for absorbing a propulsion 
reaction force to be pzroduoed by motion of said X 
movable member in a first movement direction; and 
a second reaction force absorbing mechanism. for 
absorbing^ a propulsion reaction force to be 



produced By xiioi:lon o£ saxd Y moval^le memlDeE xn a 
second movemenl: dxxec^lon, wherein a ^ourtih 
difiiianGe Bet:ween "the reference plane and a gravity 
eent^er position of said X movaldle meiiil>er and a 
fifth distance between tKe reference plane and a 
gravity center position of said first reaction 
force absorbing median Ism are made substantially 
ec|ual to each other, and a sixth distance between 
the reference plane and a gravity center position 
of said Y movable member and a seventh distance 
between the reference plane and a gravity center 
position of said second reaction force absorbing 
mechanism are made substantially e^al to each 
other. 

In one preferred form of this aspect of 
the present invention, said X movable member 
Includes a first beam member fox transmitting, to 
said movable portion, a propulsion force for 
propelling said movable portion in a first 
direction^ and a first motor movable element for 
propelling said movable portion in the first 
direction . 

The y movable member may Include a 
second beam member for transmitting, to said 
movable portion, a propulsion force for propelling 
said movable portion in a second direction, and a 
second motor movable element for propelling said 



movable portion in tlxe seeond dxx>ectlon. 

The X moirable xaember may Inclucie said 
mova]:>le portion^ a aec:ond movable pox<ti.on provided 
on said movable portion^ a first beam member for 
transmitting^ to said movable portion a 
propulsion force for propelling said movable 
portion in a first direction, and a first motor 
movable element for propelling said movable 
portion in tba first direction. 

Tbe Y movable member may Incliide said 
movable portion^ a second movable portion provided 
on said movable portion, a second beam member for 
■transmitting, to said movable portion, a 
propulsion force for propelling said movable 
portion in a second direction, and a second motor 
movable element for propelling said movable 
portion in tbe second direction . 

Tlie second movable portion may comprise 
a fine-motion stage for adjusting a position and 
an attitude of said movable portion. 

In accordance with a further aspect of 
the present invention, there is provided a 
positioning system, comprising: a movable portion 
supported for movement in two axial directions 
being substantially orthogonal to each other along 
a reference plane; a first guide member f or _ 
guiding said movable portion in a first direction; 



a eeoond guide membeir fox guiding said moval»le 
poc-bien in & seoond direci:ioi&; a firs-k r-eae^ion 
force obsoz'bixig meohanlsm for absorbing a 
propulsion reaction force to be produe=ed by motion 
of said movable portion in a first direction; and 
a second reaction force absorbing mecbanism for 
absorbing a propulsion reaction force to be 
produced by motion of said movable portion in a 
second diarection, wherein an eigbtb distance 
between tbe reference plane and a gravity centex: 
position of said first guide member and a ninth 
distance between the reference plane and a gravity 
center position of said first reaction force 
absorbing mechanism are made substantially e<iual 
to each other ^ and a tenth distance between the 
reference plane and a gravity center position of 
said second guide member and an eleventh distance 
between the reference plane and a gravity center 
position of said second reaction force absorbing 
mechanism are made substantially equal to each 
other . 

In accordance with a yet further aspect 
of the present invention, there is provided a 
positioning system, comprising: a movable portion 
supported for movement in two axial directions 
being substantially orthogonal to each other, along 
a reference plane; a first motor movable element 
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for psropeXli^n^ s&xd moveable potfcioxi in a fxrs^ 
^^«<=txon aXozig^ th© xreferenee plane; a seoond 
mol^or movabXe element fox pxropellin? said movable 
P^^'t±on in a second dxz-eci^ion along the refezrence 
5 plane; a fiarst react;xon force absorbing mechanism 
for absorbing a propulsion reac1:ion force to be 
produced by mot;ion of said movable portion in the 
first direction; and a second reaction force 
absorbing mechanism for absorbing a propulsion 
10 reaction force to be produced by motion of said 

movable portion in the second direction, wherein a 
twelfth distance between the reference plane and a 
9^avity center position of said first motor 
movable element and a thirteenth distance between 
15 the reference plane and a gravity center position 
of said first reaction force absorbing mechanism 
are made substantially ecjual to each other, and a 
fourteenth distance between the reference plane 
and a gravity center position of said second motor 
20 movable element and a fifteenth distance between 
the reference plane and a gravity center position 
said second reaction force absorbing mechanism 
are made substantially equal to each other. 

In accordance with a still further 
25 aspect of the present invention, there is provided 
a positioning system, comprising: a movable 
portion supported for movement in two axial 
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di.z>eei;xoii8 kexng sizbstantlallY oact:lio^onal to each 
other aloxi? a reference plane; a first guide 
member for Riding said movable portion ±n a first 
direction; and a first motor movable element for 
5 propelling said movable portion In a first 

direction along the reference plane, wherein an 
eighth distance between the reference plane and a 
gravity center position of said first guide member 
and a twelfth distance between the reference plane 
10 and said first motor movable element are made 
. substantially ec^ual to each other- 

In accordance with a still further 
aspect of the present invention, there is provided 
a positioning system, comprising: a movable 
15 portion supported for movement in two axial 

directions being substantially orthogonal to each 
other along a reference plane; a second guide 
member for guiding said movable portion in a 
second direction; and a second motor movable 
20 element for propelling said movable portion in a 
second direction along the reference plane, 
wherein a tenth distance between the reference 
plane and a gravity center position of said second 
guide member and a fourteenth distance between the 
2^ reference plane and said second motor movable 

element are made substantially ecjual to each other. 

least one of said first guide member 
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and s&l.d fieeond ^uxde mamldAir m;^y ±nclude a 
Pl«*^ality of guiding eleaent:s spaced from each 
oi:lier w±t^ xrespeo-b to a direction of tlie reference 
plane . 

Tlie fiarst and second reaction force 
absorbing meclianlsas may Include a stator of a 
motor foar driving said moveable portion. 

In accordance with another aspect of 
the present Inirentlon, there Is provided an 
exposure apparatus, comprising: an orl^xnel 
positioning system for Holding an original and for 
moving the ojrlgrlnal to a predetermined position 
and positioning the same at the predetermined 
position; a substrate positioning system for 
holding a substrate and for moving the substrate 
to a predetermined position and positioning the 
same at the predetermined position; and a 
projection optical system for projecting a pattern 
of the original onto the substrate, wherein at 
least one of said original positioning system and 
said substrate positioning system comprises a 
positioning system as recited above. 

In accordance with a yet further aspect 
of the present invention, there is provided a 
device manufacturing method, comprising the steps 

• applying a photosensitive agent to a 
substrate; exposing the substrate by use of an 
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exposure a.ppa,ratus as cecxt^ed a:bovQ; an.d 
developing t:lie exposed s-aBs-tzrate « 

Tbeso and otixer ob^eol^s^ featiufes and 
advanlia^es of -fclie present Invention wi.Xl beoome 
more apparent npon a consideration o£ tlie 
^ollowxn^* description o£ the preferred embodiments 
o£ tlie present: Invention taken In conjunction wltlx 
the accompanying drawlng^s . 

BRIEF DESCRIPTION OF OTHE DRAWINGS 

Figures lA and IB are schematic views, 
respectively, for escpXalnlng the structure o£ a 
positioning system according to a first emldodlment 
of the present Invention . 

Figures 2A and 2B are schematic views, 
respectively, for explaining the structure of a 
positioning system according to ai second 
embodiment of the present Invention . 

Figure 3 Is a schematic view for 
explaining the structure of a positioning system 
according to a third emhodlment; of the present 
Invention . 

Figure 4 Is a schematic view for 
explaining a moment reaction force resulting from 
misregistration of a gravity center position. 

Figure 5 Is a schematic view f or . 
^^cpXalnlng a general stxracture of an eacposure 
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appazrai^us to which a posi.1i±onxzi^ aystem according 
to an emhodimant o£ the pzresent invention is 
incorporated . 

Figure 6 is a flow chaxt for explaining 
a general procedure for mannf actiare of 
semiconductor devices . 

Figure 7 is a flow chart fojf eikplaining 
details of a wafer process, included in the flow 
chax-t of Figure 6. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present 
invention will now be described with reference to 
the attached drawings • 

[Fizrst Embodiment] 

Structure of Positioning System: 

Figures lA and IB are schematic views, 
respectively, for explaining the structure of a 
positioning system according to a first embodiment 
of the present invention. in the drawings, 
denoted at 1 is a movable table, and denoted at 2 
and 2' are Y linear motor movable elements for 
moving the movable table 1 in a Y-axis dii^ection. 
Denoted at 3 and 3- are Y linear motor stators . 
Denoted at 4 is a stage base (base table) having a 
guide surface at its top face on which a mova±>le 
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t^le 1 and the » Xin«ac mo-feor st:atovs 3 and 3' 
and 6o on aze mounted. Denoted at 5 and 5' are Y 
yawxng guides fojr x'estx-xctin? yawing of t:he Y 
linear motor atators (eocentrie swinging motion or 
run of the Y linear motor stators 3 and 3' ) . 

Denoted at 6 and €' and 7 and 7' are 
static bearings adapted to float the side and 
bottom faces of the Y linear motor atators 3 and 
3' and the bottom face of the movable table 1, 
respectivels-/ by static pneiamatic pressure. 

The movable table 1 is supported by the 
static bearing 8 with respect to the etage base 4 
without contact thereto as seen in Figure IB, and 
it ia movable in Y direction. Fixedly mounted at 
the opposite sides of the movable table 1 are the 
Y linear motor stators 2 and 2' for driving the 
movable table 1 in Y direction. As shown in 
Figure IB, each of the Y linear motor stators 2 
and 2' is movably accommodated inside a recessed 
portion of the Y linear motor atator 3 or 3' , with 
a predetermined clearance maintained therebetween. 

More specifically, the Y linear motion 
stators 3 and 3' are supported by the static 
bearings 7 and 7' with respect to the stage base 4, 
without contact thereto, and simultaneously It is 
supported by the static bearings € and 6' with 
respect to the Y yawing guides 5 and 5' without 
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contact; t^hezret;o^ whxle the 8 tabors 3 andL 3' ar^e 
movable alon^ the Y dxxeotxon . Purthex^, these Y 
linear motor stators 3 andL 3' have a predeterrnxned 
mass so that they can function as a reaction force 
counter^ to be described later. 

The 7 linear motor movable elements 2 
and 2' are connected to the movable table 1, such 
^hat, with the motion a£ the movable elements, the 
movable table 1 moves in Y direction. At this 
time, a reaction force of driving force (drive 
reaction force) is produced by the motion of the 
movable table X, and it is applied to the Y linear 
motor stetors 3 and 3' . Since tbe Y lineaz: motoz: 
stators 3 are supported for movement upon the 
stage base 4, with the driving reaction force the 
Y linear motor stators move along the stage base 4 
in a direction opposite to the movement direction 
of the movable table 1 . 

Hence, through the movement of the Y 
linear motor stators 3 and 3' along the* stage base 
4, transmission of the drive reaction force to the 
stage base 4 can be prevented effectively. Thus, 
the Y linear motor stators 3 and 3' function as a 
reaction force counter . 

In this embodiment, if the movable 
table 1 moves in a positive Y direction, for. 
^^^■^Pl^r the Y linear motor stators 3 and 3' 
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receive a drive reaclilen force In a negatilve Y 
dlreotilon, sueh tiha-t, wlt;H l^bls negai^lve-dlrect^lon 
force as a driving force, -the s'baliord 3 and 3' are 
moved in the negative Y direction. 

The positioning system may be provided 
with one or more Xaser Interferometers (not shown) 
for positioning the movahle table with respect to 
a predetermined position, and^ thz-ough a position 
control based on positional Information obtained 
by the laser Interferometers, the movable table 1 
may be positioned. Similarly, the position of the 
stators may be measured by use of unshown 
Interferometers thereby to position the Y linear 
motor stators 3 and 3' which are a reaction foarce 
counter moving along a plane. 

With the structure shown In Figures lA 
and IB, the reaction force during acceleration and 
deceleration of the movement of the movable table 
1 is received by the Y linear motor stators 3 and 
3' (serving as a reaction force counter) , and 
through the motion of the Y linear motor stators 3 
and 3' , the drive reaction fofce is converted into 
Iclnetic energy of the stators 3 and 3' . As a 
result of this, vibration of the stage base 4 due 
to the drive reaction force resulting from the 
motion of the movable table 1 can be prevented 
effectively. In addition, transmission of 
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vxbratxon to the floor surface where tlxe apparatus 
Having tKe positioning system Inoorporated therein 
1b mountecl can be prevented effectively. 
Therefore, the positioning system excludes factors 
that cause external dlstux^hance (vUbratlon source) 
not only with respect to the machine In which the 
system i.tself Is incorporated but also with 
respect to another machine. 

Further » since the y Unear motor 
stators 3 and 3' move along the stage base 4 In 
accordance with acceleration of the movable table 
1, any offset load during the motion of the 
movable table 1 can be made small. A.s a result ^ 
for holding and positioning a wafer*, for example / 
uniform position and attitude can be accomplished 
throughout the entire movement range of the 
movable table . For wafer exposure , the overlay 
precision is improved significantly. In 
accordance with the present embodiment, since the 
Y linear motor stators 3 and 3' move in a 
direction opposite to the movement direction of 
the movable table 1, any change in gravity center 
position of the whole structure. Including the 
movable table 1 and the stators 3 and 3' , can be 
suppressed significantly. Therefore, even with 
the motion of the movable table 1 , the load 
balance upon the stage base 4 does not change 
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largely and, as a result: o£ xt., the offset load 
due to tbe motion a£ the movable table 1 can be 
made small • 

Furthermore, ±n accordance with the 
present embodiment, the linear motor stators 3 and 
3' are provided Independently of each other. As a 
result, even If the forces applied to the Y linear 
motor movable elements 2 and 2' are different, the 
reaction force can be cancelled through separate 
movements of the Y linear motor statox-s 3 and 3' . 
For example. If the movable table 1 Is moved 
rotatlonally ±n 6 direction or where a certain 
object placed on the movable table 1 has an offset 
load with respect to X direction, outputs of the Y 
linear motor movable elements 2 and 2' may be 
different. Even In such case, however, since the 
Y linear motor stators 3 and 3' gslji be moved 
separately, effective cancellation of the drive 
reaction force Is accomplished. 

With the structure such as shown In 
Figures lA and IB, the drive reaction force to be 
produced by acceleration or deceleration of the 
movable table 1 can be converted Into kinetic 
energies through the movements o£ the Y linear 
motor stators 3 and 3' In opposite directions, and 
thus It can be absorbed thereby. In this manner, 
swinging motion or vibration of the base table due 
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-bo -blie dzi-ve feao^ion £oxce can be avoxded or 

Absorp'txon of Momen-b abouiz Gravity Cen-ter: 

boweveir, there ±s mlsxegxs'brati.ozi 
beisweeii tHe gr-avA-ty centier leveX (be±gb't) and of 
t^he movable 'bable 1 and iihe gravl'by cen'ber level 
of fclie s bailor Y Ixnear mot^or^ it xs necessary -to 
balee Into accoun-b bbe moment abont -bHe g-ravxty 
cen'ber of the structure, xneludxng the stage base. 
Mo^e spec±f xcally , the moment about the X-axdLs to 
be applxed to the apparatus as a whole due to the 
motxon of the movable table 1 and the moment about 
the X-^axxs to be applxed to the apparatus as a 
whole due to the movement of the Y linear motor 
stators 2 and 2' do not balance with each other, 
such that a moment corresponding to the difference 
therebetween is applied to the stage base 
consequently . 

For example , as shown in Figure 4 , 
where the gravity center position 61 of the 
movable table 1 (the height in Z direction, talcing 
'bhe top face of the stage base 4 as a reference) 
is higher than the gravity center position G2 of 
the Y linear motor stators 3 and 3' , if the 
movable table 1 is moved in positive Y direction 
(l^f ^ward in Figure 4) , a cloclcwise moment in 
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negative cax d±2reci:xon <moxiieiii^ react;i.on force) is 
applied 'bo iOie sizage base as a result: of ±1;. 

On tilie o^her Hand, since "the Y linear 
molior stia^ors 3 and 3' move in neg'a'bxve Y 
direct;ion in response to applxca-tion of a drive 
reaction force in negative Y direction tKereto, as 
a result a counterclockirise moment in positive iax 
direction (moment reaction force) is applied to 
tlie stacfe base 4 . 

Obviousl:^^, if "fcHe applied forces are 
equal to eacH other/, the foxrmer moment having a 
higher gravity center is larger. As a conseguenoe 
therefore, the moment in negative ex direction is 
dominantly applied to the stage base. Where the 
gravity center positions are different as 
described above, the moment reaction force could 
x^ot be cancelled with the structure of the Y 
linear motor stators 3 and 3' . As a result, the 
vibration of the stage base 4 is accelerated by 
the moment reaction force, while vibration of the 
floor where the apparatus is mounted is excited. 
Hence, vibration- of the machine itself as well as 
vibration of another machine may be excited. 

In the structure of the positioning 
system according to the present embodiment, as 
shown in Figures lA and IB, in order to extinguish 
the adverse influence of the moment reaction force 
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such as described w±'th reference to Fxgixre 4, the 
gravity center position of the Y linear motor 
stators 3 and 3' and the gravity center position 
(Gl) of the whole moving atmctiare, inclxiding the 
noval>le table 1 and the Y linear motor movable 
elements 2 and 2' , are set at the same level 
(height) . With this arrangement, the drive 
reaction force to be produced by the motion of the 
movable table 1, as well as the moment reaction 
force to be applied to the stage base^ can be 
cancelled completely. 

I4lne of Action of the I^lnear Motor : 

In the present embodiment , as shown In 
Figure IB, preferably the height (G3) of the line 
o£ action of the fo^rce to be applied to the Y 
linear motor movable elements Is set at the same 
level as the height {G2) of the gravity center 
position of the Y linear motor stators 3 and 3' 
With this arrangement, the Y linear motor 
propulsion force can be applied to the gravity 
center height of the Y linear motor stators 3 and 
3' . Thus, regarding the operation of the Y linear 
motor stators 3 and 3' as a single unit. It does 
not produce a moment about the gravity center 
thereof. Hence, there Is an advantage that 
excitation of vibration to the stage base 4 can be 
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avoided. Suaul-taneously , tlx& Y Xlneair motzoj? 
propulsion force acts on 'hUe gravity csentiav lielgh-b 
(61) of 'the movable 'table 1 or on tbe gravltry 
oenter height of tbe whole movemen-b s-tructure , 
xncludlzi^ the movabl.e table 1 and tbe Y Hnea.2r 
mo-tor movable elements 2 and 2' . Therefore, 
reg-cirdln^ the operation of the movable ^able 1 
the opera-tlon of only trhe whole movement structure 
Includlncf the movable table 1 and ^he IT linear 
motor movable elements 2 and 2' , It does no't 
produce a moment abou-b the gravity center thereof. 
Hence, excitation of vibration to the stage base 
can.be prevented effectively. 

With the structure described above ^ tlie 
dzrive reaction force In the Y-axls dlacectlon which 
Is the movement direction of the movable table 1 
is absorbed by the motion of the stators. Further, 
the gravity center height (61) of the movable 
table 1, the gravity centexr height (G2) of the 
linear motor stators 3 and 3' , and the height (G3> 
of the line of action of the linear motor are 
registered with each other, by which production of 
moment reaction force about the Z axis can be 
parevented. As a result, a hlgb-speed and hlgb*- 
pz'ecislon positioning system in which excitation 
of vibration or swinging motion of the stage base 
is pxrevented. Is accomplished. 
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Wti±le 'the present embodxaient: Jisls 2aeen 
^scxibocl w±1:K ref^exenoe to an exan^Xe wliexexn the 
^xde snxTface of the movable table 1 and tlie ^Ide 
surface of the Y Ixnear mo-tor stators 3 and 3' are 
ooplanar (±,e. stage base 4), they may be de£±ned 
upon different parallel planes, and substantially 
the same advan tag-eons effects are attainable in 
that occasion. 

[Second Embodiment] 

Figures 2A and 2B illustrate the 
structure of a positioning system according to a 
second embodiment of the present invention . 
Figure 2A is a plan view of the positioning system, 
and Figure 2B is a front vlev thereof. In these 
drawings , those elements corresponding to the 
components of Figures lA and IB are denoted by 
like numerals. Denoted at 9 is a fine-motion 
table which is mounted on a movable table 1 and 
which can operate to perform upward and downward 
motion and tilt motion. Denoted at 10 is a 

l^^S'tion mirror mounted on the fine-motion table 
9. Denoted at 11 is a plurality of fine-mot:ion 
actuators which are provided on the movable table 
1 and which function to perform upward and 
downward motion and tilt motion of the fine-motion 
t:ablo. 
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Denoted at 12 is an x beam (beam 
membex) foar moving the movabie table 1 ±n X-axis 
direction. Denoted at 13 is a Y beam for moving 
the movable table 1 in T direction. Formed on the 
5 opposite side faoes 12a and 12b of the X beam 12 
are Y er„xde surfaces for guiding the motion of the 
movable table 1 in the y direction. Al.o, formed 
on the opposite side faees 13a and I3b of the Y 
beam 13 are X guide surfaces for guiding the 
10 motion of the movable table 1 ia the X direction. 
There are a plurality of static bearings (not 
shown) which are provided between the movable 
table 1 and the Y guide surfaces, formed on the X 
beam 12, and the X guide surfaces, formed on the Y 
15 beam 13. Hence, non-contact force transmission 
and straight guiding operation are carried out 
thereby . 

Denoted at 14 and 14' are Y sliders 
disposed at the opposite ends of the Y beam 13. 
2 0 Denoted at 15 and 15' are static bearings provided 
at the bottom faces of the Y sliders. Similarly, 
denoted at 16 and 16' are X sliders disposed at 
the opposite ends of the X beam 12. There are 
similar static pads disposed at the bottom faces 
of the X sliders, while not shown in the drawings. 

Denoted at 17 and 17' are X linear 
motor movable elements for moving the X beam 12 i 
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X <li.xrea-ti.on. Denoted at 18 and 18' aire X linej 
motof s^a^ocs. Dano1:ed a^ 20 and 20' are X yaw 
grui.des foar x:&s^x±at.±ng yawln? metxon of the X 
Ixneasr molioir stators 18 and 18' . Also, denoted at 
5 19 and 19' axe static bearings for floating the 
Side faces of the X linear motor statore 18 and 
18' through static pneumatic pressure. Similar 
static bearings are provided at the bottom faces, 
while not shown in the drawing. 

movable table 1 is supported by the 
static bearings 8 with respect to the stage base 4 
without contact thereto, as shown in Figure 2B , 
and it can be moved in X and Y directions. The 
movable table 1 has the X beam 12 and Y beam 13 
15 extending therethrough, substantially orthogonally 
to each other. There are static bearings (not 
shown) at the opposed faces of the Y guide 
surfaces of the X beam 12 and the X guide surface 
cf the Y beam 13, of the movable table 12, which 
2 0 bearings function to perform transmission of 

forces and various drive-guiding operations. As a 
result, the movable table 1 can always be 
positioned at the point of intersection between 
the X and Y beams . 

^ sliders 16 and 16' and the Y 
sliders 14 and 14' are coupled to the opposite 
ends of the X beam 12 and the y beam 13, 
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-esp^eti^ely. Also, th^^e axe static l>earix»g« 
mounted at the bottom faoes of the sl±rtears . As a 
xes«lt, a coabiaed atariaetxtxe of the X beam 12 and 

X alide„ 16 and 16' is movable in X di^eotdon, 
5 and a combined st^uetuare o£ the Y beam 13 and the 
Y slide^ra 14 and 14' axe movable in Y dixeetion, 
as seen in Figxire 2B . 

The X linear motor movable elements 17 
and 17' and the Y linear motor movable elements 2 

0 and 2' are ooupl.d to the X sliders 16 and 16^ 
the T sliders 14 and 14' , respectively, such that 
these Sliders can be driven by propulsion forces 
produced by these linear motors, respectively. 
The X linear motor movable elements 17 and 17' and 

1 the Y linear motor movable elements have the X 
linear motor stators 18 and 18' and the Y linear 
motor stators 3 and 3' disposed opposed to each 
other. The linear motor structures in the 
respective movement directions are provided, in 
the manner described above. 

Here, the X linear motor stators 18 and 
18' and the Y linear motor stators 3 and 3' a: 
supported by the static bearings 7 and 7' (tho: 
at the X linear motor side are unshown) with 
respect to the stage base 4 without contact 
thereto. Simultaneously, they are supported by 
3tatic bearings 19, 19, 6 and 6' with respect 
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to the X yawing gruides ZO and 20' and y yawing 
guides S and 5', without contact th«*»to . Th«e, 
they are movatole along the X and T diirectiona . 

5 Absorption of Dirivo Reaction Force: 

^® X linear notor stators 18 and IS' 
and the y linear motor atators 3 and 3' have 
predetermined masses, respectively, and they serve 
as a reaction force counter, like the first 
0 embodiment . The X linear motor movable elements 

17 and 17' and the Y linear motor movable elements 
2 and 2' are connected to the X sliders 16 and 16- 
and the Y sliders 14 and 14', respectively, .„ci 
they are movable in X and Y directions, 
5 respectively. m t«rn , the X sliders 16 and 16' 
and the Y sliders 14 and 14' are connected to the 
X beam 12 and the Y beam 13, respectively. Thns , 
through the motion of the beams in X and Y 
direction, the movable table 1 placed at the 
intersection of the beams is driven in X and Y 
directions . 

When the movable table 1 is driven in X 
°r Y direction in response to the propulsion force 
of a corresponding li„e„ motor, a dri^e reaction 
force which acts on in the motion of the movable 
table 1 in X or X direction is applied to the X 
linear motor stators 18 and IB' or the Y linear 
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motozr stiabor'S 3 and 3' . 

W±th t^tis cicx-tre ireac-blon forcse, the X 
ixneaa: motor statore IS and 18' oi the Y linear 
motor stators 3 and 3' can move along the stage 
5 base 4 surface, in X or Y direction which is 

opposite to the mo>rement direction of the movable 
tablo 1. Through the motion of the X linear motor 
stators 18 and 18' and the Y linear motor stators 
3 and 3' in X and Y directions along the stage 
0 base 4 surface, the drive reaction force is 

converted into kinetic energies of the stators, 
siaeh that the drive reaction force can be 
cancelled thereby. Therefore, transmission of the 
drive reaction force to the stage base 4 can be 
> prevented effectively, and so the linear motor 

stators 3 and 3' and Id m.^,^ lar 

«nci x» ana 18' can serve as a 

^®action force counter . 

example the movable table 1 is 
moved in positive X direction, the X linear motor 
stators X8 and 18' move in negative X direction in 
response to application of the drive reaction 
force thereto in the negative x direction. If the 
movable table 1 „oves in positive Y direction, the 
Y linear motor stators 3 and 3' are moved in 
negative Y direction in response to application of 
the drive reaction force thereto in the negative Y 
direction . 
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■Absocptxon of Moaen-b abon-b Gravii^y Center: 

However, the influence of moment: due to 
misregistretion of a graravity center height of the 
whole structure, including a movable table and a 
combination of it, foar example, as has been 
desczribed with xefex:ence to the first embodiment, 
is similarly a problem to be considered. For 
example, where the movable table 1 moves in X 
direction, if the general gravity oenter height of 
the whole movement structure (hereinafter, X- 
direction movement structure) , including the 
movable table 1, the fine-motion table 9, the 
reflection mirror 10. the fine-motion actuators 11, 
the X beam 12, the X sliders 16 and 16' , and the X 
linear motor movable elements 17 and 17' , is „ot 
registered with the gravity center height of the X 
linear motor stators 18 and 18' , the moment 
reaction force about the Y axis can not be 
cancelled. As a result, vibration of the stage 
base 4 xs accelerated by the moment reaction force 
about the y axis and, finally, vibration of the 
floor where the machine is mounted may be excited. 
This leads to factors (vibration source) for 
causing external disturbance to the machine itself 
and also to another machine. 

Similarly, where the table is moved 
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Y d±reet±on, if the general gravity eenter hexglit 
Of the whole movement structure (hereinafter, Y- 
direction movement structure) , including the 
movable table 1, the fine-motion table 9, the 
5 reflection mi,rror lO, the fine-motion actuators 11 
the Y beam 13, the Y sliders 14 and 14', and the Y 
linear motor movable elements 2 and 2' , ±g not 
registered with the gravity center height of the Y 
linear motor stators 18 and 18' , the moment 
0 reaction force about the X axis can not be 

cancelled and vibration of the stage base 4 is 
accelerated thereby. 

In accordance with the present 
embodi«ent, in order to cancel the influence of 
■> the moment reaction force such as described above, 
the gravity center height of the X-direction 
movement structure and the gravity center height 
of the X linear motor stators 18 and 18' are made 
substantially at the same level. Also, the 
gravity center height of the Y-direction movement 
structure and the gravity center height of the Y 
linear motor stators 18 and 18' are made 
substantially at the same level. With this 
arrangement, the drive reaction force to be 
produced by the motion of the movable table 1 as 
well as the moment reaction force to be applied to 
the stage base 4 can be cancelled completely 
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Fur-bhemosre , in this embodimeni:: , 
tlie gravity oentec height of a 
movamont Btnaetuxe (hereinafter, unit X-axis 
movement stmctiaare) , including the X beam 12, the 
5 X slidexs 16 and 16' , and the X lineair motor 
movable elements 17 and 17' , and the gravity 
center height of a movement structure (hereinaftei 
unit Y-axis movement structure) , including the Y 
beam 13, the Y sliders 14 and 14', and the Y 
0 linear motor movable elements 2 and 2' , are made 
at the same level. Also, the gravity center 
heights of the X-linear motor stators 18 and 18' 
and of the Y linear motor statoxs 3 and 3' aare 
preferably made at the same level. With this 
j arrangement, even in respect to the action- 
reaction interrelationship between the linear 
motor stators and unit X-axis and Y-axis movement 
structures, there does not occur a moment about 
the X axis or Y axis with respect to the stage 
base 4, such that excitation of vibration of the 
stage base can be avoided. 

liine of Action of I.inear Motor: 

Further, in the present embodiment, as 
shown in Figures lA and IB, preferably, the line 
of action of the force to be applied to the linear 
motor movable elements is made at the same level 
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as the gravity eentear heigrht of the linear motor 
stators. With this atructure, the linear motor 
propulsion foree acts on at the gravity center 
height of the linear motor atators . Thus, even 
5 regarding the operation of the X linear motor 

statora 18 and 18' and the X liner motor stators 3 
and 3' as a unit, it does not produce a moment 
about the gravity center thereof. As a result, 
excitation of vibration to the stage base 4 can be 
0 avoided . 

In accordance with the structure 
described above, a stage system in which not only 
a reaction force in X-axis or Y-axis direction 
which is the movement direction of the movable 
5 table 1 but also a moment in X-axis, Y-axis or Z- 
axis direction, are never produced to the stage 
base, can be accomplished as a conse<iuenee . 

In the structure described above, the 
drive reaction force to be produced by the motion 
Of the movable table 1 is absorbed by the movement 
Of the stators. Additionally, the gravity center 
height of the movement structure, the gravity 
center height of the linear motor stators, and the 
height of the linear motor action line (G3) are 
made at the same level. This effectively prevents 
production of a moment reaction force about th© z 
«ls. Thus, a positioning system in which 
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swinging motion or vibration of the stage base 4 
is not excited, can be accompiiahed. 

Although the present embodiment has 
been described with reference to an example 
5 wherein the guide surface of the movable table 1 
and the guide surface of the y linear motor 
stator3 3 and 3' are coplanar (i.e. stage base 4), 
they may be defined upon different parallel planes 
*nd substantially the same advantageous effects 
0 are attainable i„ that occasion. 

C Third Embodiment] 

Figure 3 is a front view for explaining 
the structure of a positioning system according to 
■> a thxrd embodiment of the present invention. The 
top view Of the same may be similar to the top 
View of Figure 2A. I„ Figure 3, those components 
corresponding to the elements of Figures 1 and 2 
are denoted by lifce numerals. This embodiment 
differs from the second embodiment in that the Y 
beam comprises two, that is, upper and lower beams. 
More specifically, denoted at 130a and 130b are Y 
bea«s having two, upper and lower beams. X guide 
surfaces for guiding the motion of the movable 
table 1 in X direction are defined at the opposite 
side faces of these Y beams, respectively. There 
are static bearings (not shown) disposed between 
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the movable table 1 and these ^ide sxirf aees , siaeh 
that non-ooatact and st»ra±glit motion guxding 
operation is carried out. 

In this embodiment, the x beam 12 
5 comprises a single beam while the Y beam comprises 
two beams 130a and 130b disposed in vertical 
direction. This facilitates easy designing for 
providing a strnctnxe in which the gravity centeor 
height of a unit X-axis movement structuxe, 
10 including the X beam 12, the X sliders 16 and 16' 

and the X linear motor movable elements 17 and 17' 
and the gravity center height of the unit Y-axis 
movement structure, including the Y beams 130a and 
130b, the Y sliders 14 and 14', and the y linear 
15 motoz: movable elements 2 and 2', are made 
substantially at the same level. 

Alternatively, since in this embodiment 
the X beam 12 comprises a single beam while the Y 
beam comprises two beams 130a and 130b disposed in 
20 vertical direction, the gravity oenter height of 
the Y guide surfaces formed at the side faces of 
the X beam 12 and the gravity center height of the 
X guide su^rfaces defined at the side faces of the 
Y beams 130a and 130b, can be made at the same 
2 5 level. The gravity center height of these X and Y 
guide surfaces corresponds to the height of the 
Xine of action of the force as the X-direction and 
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y-direetion driving forces of the X beam 12 and Y 
beams 130a and 130b aro transmitted to the movable 
table 1. Any difference between the gravity 
center height of the movable table 1 and the 
gravity center height of the guide surfaces 
corresponds to the moment to be applied to the 
movable table 1 . 

Hence, since the gravity center height 
Of the Y guide surfaces 12a and 12b defined at the 
side faces of the X beam 12 is at the same level 
as the gravity center height of the X guide 
surfaces formed at the side faces of the Y beam 
130a and 130b, the moments to be applied by the X- 
direction motion and Y-dxrection motion of the 
mov^lo table 1 are equal to each other. As a 
result, dynamic actions such as vibration 
convergence time or largest pitching amount can be 
made approximately ecjual to each other. 

Further, the gravity center height of 
the X guide surfaces and Y guide surfaces is made 
substantially at the same level as the gravity 
center height of the whole movement structure, 
including the movable table 1, the fine-motion 
table 9, the reflection mirror 11, and the fine- 
25 motion actuators II, and, in this arrangement, the 
transmission force of the propulsion force of each 
linear motor can act on to the gravity center of 
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the whole movemenl: sfcfuctuz-e. As a result, a 
moment about the gravity oenter is not pz-oducsed, 
and exa±tati.on of vibration to the stage base 1 
can be avoided. 

Pcefearably, the gz-a-vity center height 
of the X movement staructure, including the X beam 
12, the X sliders 16 and 16' and the X linear 
motor movable elements 17 and 17', and the gravity 
center height of the T movement structure, 
including the Y beams 130a and 130b, the Y sliders 
14 and 14' , and the Y linear motor movable 
elements 2 and 2', as well as the lines of action 
of the propulsion forces of the linear motor 
stators, are made at the same level. With this 
arrangement, even regarding the drive of a unit 
component as the X moment structure or Y movement 
structure, a moment about its gravity center is 
not at all produced. Consequently, excitation of 
vibration to the stage base 4 can be avoided 
effectively . 

Although the present embodiment has 
been described with reference to an example 
wherein the Y beam comprises two, upper and lower 
beams, while the X beam comprises a single beam, 
in reverse the X beam may comprise two, upper and 
lower beams and the Y beam may comprise a single 
beam. Substantially the same advantageous effects 
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axe obtiainabXe in t:ha^ occasion. Fuxther-, th© 
nunbex of beams is not limited to two, and tha 
orr moxe beams may be used. Also, the other beam 
is not limited to a single beam, such that plural 
5 beams may be used for both of the X and Y beams. 
One of the x and Y beams may comprise beams of an 
even number, while the other may comprise beams of 
an odd number, for example, a combination of two 
beams and three beams in different directions. 

0 

TForth embodiment: Exposure Apparatus] 

Figure 8 is a schematic view of a 
general structure of an exposure apparatus in 
which a positioning system such as described above 
5 is inco3.po:..ated as a substrate stage system and/or 
an original stage system. In this exposure 
apparatus, an original (reticle or mask) 521 held 
by an original stage 520 is illuminated by an 
illumination optical system 510, and a pattern of 
the original 521 is projected by a projection 
optical system 530 onto a substrate (wafer) 541 
placed on a substrate stage (wafer stage) 540, 
whereby the substrate 541 is exposed with the 
pattern. Here, each of the stages S20 and 540 
comprises a positioning system as has been 
described with reference to any one of the first 
to third embodiments. 
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In aooofdancie w±1;h the exposure 
apparatus having a positioning system accoxrding to 
any one of tba preceding embodiments, a drive 
reaotion force to be produced during acceleration 
5 or deceleration of the movable table can be 

converted into fcinetic energies through the motion 
of the motor stators in an opposite direction and 
it caw be absorbed thereby. Simultaneously, with 
the structure in which the gravity canter 
10 positions of various movemei^t components are held 
approximately at the same level, vibration to be 
applied to the stage base due to the moment 
reaction force can be cancelled effectively. As a 
result, unwanted swinging motion or vibration of 
15 the base table attributable to the drive reaction 
force or moment can be reduced and suppressed, 
such that high-speed and high-precision 
positioning can be accomplished. Hence, with use 
of s«ch high-speed and high-precision positioning 
2 0 system the throughput of the exposure apparatus 
can be improved significantly. 

tFifth Embodiment: Semiconductor Device 
Manufacturing Processes} 

Neaet, an embodiment of a semiconductor 
device manufacturing method which uses an exposure 
apparatus described above, will be explained. 
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Figi»=e 6 is a flow chaxt for explaining 
general prooed-are for aanixf aat:uring vairious 
micx-odevic^s sixcli as seaieonduGiiof devices, for 
example. step 1 is a design process for designing 
a cirouit of a semioonductor device. Step 2 is a 
process for making a mask on the basis of the 
circuit pattern design. step 3 is a process for 
preparing a wafer by using a material such as 
silicon. step 4 is a wafer process which is 
called a pre-process wherein, by using the thus 
prepared mask and wafer, a circuit is formed on 
the wafer in practice, in accordance with 
lithography. Step 5 subse«juent to this is an 
assembling step which is called a post-process 
wherein the wafer having been processed at step 4 
is formed into semiconductor chips. This step 
includes an assembling (dicing and bonding) 
process and a packaging (chip sealing) process. 
Step 6 is an inspection step wherein an operation 
check, a durability check an so on, for the 
semiconductor devices produced by step 5, are 
carried out. With these processes, semiconductor 
devices are produced, and they are shipped (step 
7) . 

fi-igure 7 is a flow chart for explaining 
details of the wafer process. Step 11 is an 
oxidation process for oxidizing the surface of a 
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wafer. S1:ep 12 is a cvd process for focming an 
xnsulat:±n9 «i.lm on ^he wafez- surface. Slr^ep 13 is 
an electrode forming process for fomxng 
electrodes upon tHe wafer by >rapor deposition. 
Step 14 is an ion implanting process for 
implanting ions to tbe wafer. Step IS is a resist 
process for applying a resist (pKotosensi tive 
material) to the wafer. step 16 is an exposure 
process for printing, fey exposure, the circuit 
pattern of the mask on the wafer through the 
exposure apparatus described above. Step 17 is a 
developing process for developing the exposed 
wafer. Step 18 is an etching process for removing 
portions other than the developed resist image. 
Step 19 is a resist separation process for 
separating the resist material remaining on the 
wafer after being subjected to the etching process. 
By repeating these processes, circuit patterns are 
superposedly formed on the wafer . 

With these processes, high density 
microdevices can be manufactured. 

While the invention has been described 
with reference to the structures disclosed herein, 
it is not confined to the details set forth and 
this application is intended to cover such 
modifications or changes as may come within the 
purposes of the improvementis or the scope of the 



